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2. RST methodology and RETIRA index 
The田τapproacllis b剖ed。na mu附－temporalanalysis of his柏市剖由同時tof sa帽II悦 ob同刊•ti。ns a珂ui同din剖削除F
。bsen1ationalconditions (e，事国mehour of the d町田me世間町・，etc ). Such prelim加a叩 analysisiS d制O時。回出aracterizothe 
me制陀ds g同1In terms of its叫回edvalue and variation泊噌｛同陪Troferen目 fields)for曲 ch岡崎Iof出e抽出リliteimage凶
be proc白調d
In o,de. to reduce mete。rotogic剖e陥ctsin the computation of the ref<ren田恥Ids,for the町市 ti同e,instead 。fa fixed monthly 
window出回巾，a30 days m刷 ngwindow (I.e. IS由ysbe加をand15 da判柿erthe considered day of the year) has beer、used
To identilyTIR Anomalies, RETIRA ind開時印m刑制刷出eimage剖 hand制 n向efoll刷 ingex問時ion:
品九糊（x.y.。－Jl61ぃ （x.y)
R"1」.(x,y.t）墨 ，：一
開 M σ01：ゐ.(X,Y) 
where 
• ,.;y reρresent the co。rdinatesof the ce川崎ofthe grou向。陀solutioncel corresponding to the pi,el under co川Me柑u。nona 
拍 telfl回 Image;
• t1Sthe time of柏emeasurement a<Quisiti伺 with!ET, whereτdefines the horn。，...。凶d酬明ainof multi annuals剖elfiteimage吋
collected ,n the same time-st。tof山eday and同 n刷。fthe開杭
・A九ω｛品川）is肋e抑制Iaverage of AT{叩 t1with1na吋 onof 3x3 pixels centered剖胤副刷局sY，民ISC酬附凶onlyif前 least55% 
。fp，同Is,re clear or冊 tclo間同cloud;
-AT{附t)• Tl><,y,t問。，sthe value of the difference between the仰 n刷 alvalue of TIR b尚早川e日開m同日加reT{><;Y,i) me.sured制
the I院副加x,yon the acqu山U。ntime t and its叩atialaverage T{t）回附仰阻d加 themv，酎ligatedarea叩 nsidering。nlycloudfree• 
locat曲目，albel剖 gingto the拍 me,land or持丸山叫i.e.con針deri晴朗lysea両院自1fJ(,yis拍cated。nthe盟aand曲 Wland p，同1,
ifx,yislo位同donthe land), 
. μ.，，」（x,y)is the time average叫 ueof AT-(,y.r) at the f郎副拍内x,yoompu回don cloud.free，軒。rdsbelonging回 υw凶前回d
data•日t(t<t),
-o., _ ＿（ろ川崎出estandard d刷lati。n岨lueof 6ら.，＼＞＜：同）at the lo曲tionx,y《剖叩回edon cloud・lree陀曲吋sb<eion匝ngto the 
selected由同set(tEl).
1. Introduction 
Look同gt。ward刷e自vetoρmentof multi pa日metrica即時a出es.
which could be拍let。 improveour日同b1lity悼み日e日 the問ismic
ha,ard in the short-term (from weeks t。daysbefore the ea代hquake),• 
p時計mina吋 stepis to identify th。間同日meters(chemical, phyお臼I,
biol。Si曲I,e1c.) wh田e加。malousvanat，。同日nbe，同 someexteot, 
associated with the com凶制processof p四阿rationof earthquakes. 
The何uctuat加nsof白rth’s山ermallyemitted radi訓i。n,measured by 
品川1岡田n拍向。pe日tmgm肋e肋ermalinfrared (Tl町叩町旧1日nge.
have been propo同dsince eighties as a p。回ntial回 rthqual<eF田urs。ι
Smee 2001，柏e酔同＜alchange de時nti制叩，proa出 RobustSatellite ITechniques (RST）附dine…onwith RET…ust Estimator of 
τIR Ar、。m剥ies)index, showed g。。dabi 
τIR g持gnals同且’出vass。datedt。持i削’cactivit、九，，。m the n。f，’、• I 
va斜ab’1；旬。7τIRs’gnal du•t。。therc•uses(e.g mete。rological)
刷 出iswork, the食ST(Robust Satellite Techr、lque.T1岨mutoll1998) d•t• 
an•lysis appr，叫chhos been implemented on TIR叫 el崎問。rds
collected。verJapan by the g開，station•吋詞同II』同時n同r MT拍T
(Multifuncti。nal Tr•問問rt SATelires) in the pen剖，une2005 • 
December 2015 in order to evaluate its possible contrib叫et。an
improved multi param酎，；csystem for a“mo-Dependent Assessment of 
Seismic陶回国（t・DASH)
For肋efirstt,me，柏町m剖 anomalieshas been ident術edcomparing肋e
daily TIR radiation of刷出4低山。nof肋e同時国eredsatellite po剛副首，
with itsh回。ricalexpected value and variati。nrange (i.e. RST reference 
fields) computed using a moving window (i.e. 30 days) instead than fixed 
monthly window 
牟 Cl。υddetecti，開。performed阿国mgthe One-chonnel Clo叫 detectionApproach (OCA) described in Cu。moet • ' ·· 2004 
4. Results of long term correlation analysis and Conclusion 
The analysos performed by applying pre、riouslyestablished c。rrclationrules t。althe 
29 5STAs identified on the whole time series of MTSAT TIR obse川副ionshighlighted 
th副 the80%。fSSTAs are in apparent spaoe•time rel剖ionswith ea同hquake(M主S)
occurrence and the 20略。fSSTAs却parentlyare not related to documented 嶋崎m,c
activity (false p田itives)
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The Molchan error diagram (Molchan 19宮7)was implemented by plott川信 the
fracti。nv of missed earthquakes (i.e .却parentlynon p同ceded/follow，吋bySSTAs) 
aga山stthe f同町ionof alerted spac←-time v。lumeτ
It is quire evident, iのcomparisonwith出erandom gue日， thenot白 sualrelations 
between SST.向（identifiedby 柏• RST meth。dology)and earthquakes occurren四
which testi作曲e added value of this pa同meter in the framew町k of a 
multipa同metricsy鈍cmfora ゃDAS”
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3. Identification of Signi自白川SequencesofTIR Anomalies (SST.向）in a possible relation 
with Earthquakes (M邑S)
A.s d1Scussed in previous pape陪（e.g.Tramυ加Iiet al., 2005) signifi日ntTIR Anomalies (TAs) possibly 
related to an impending earthquake are spatialy and同mp。rallypersistent To identify S,gni自白川
Sequencu 。IThermal An。mallcs(SSTAs) the following requirements must be satisfied 
• Relative intensi町 181.，刷 （x,y,t）注k (in出isstudy K=3,S) ・lmag目 affectedby pa耐cularmeteorological conditions (e.g. wide cloudy coverage), nav唱剖ion
err師（F1fizzolaet al. 20加），and/or know叩 urioυ刊行ec白（eg. cold spatial average d岡，Al刷 oet 
al. 2008, Genzano et al. 2009, Eleftheriou et al. 2016）岡崎同bediscarded; 
• s帥tia’pe月istence.it is not isolated being pa問。fagrouρd TAs曲 vering剖 least150km' wi肋inan 
area of 1><1・，
• Tempo日Ipe附stenceprevious conditions (1 e the existence of a group of TAs印 venngat least 150 
km’within an area of lxl・aroundx,y) are satisfied at least。nemore time in the 7 days 
preceding/following t 
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In order to evalua岬 thepos剖iblecorrelations e畑sungamong the 却pearanceof SSTAs and time, 
location and magm加deof earthquakes. empirical rules were applied抑制chwere mostly based。nthe 
long同，mexperien日 onTIR anomaly maps analyses, see T問m叫olielal2日llS)
By肋isway ea出 singleSigni両日ntThermal Anomalies (STA）。民ervedat the time I in the l。印刷nlκ.y) 
wil be c。ns江deredpo日出lyrelated t。seisr、icactivity if: 
• It belongs to a p町viou拘 identi自edSSTA; 
• an ear怖quakeof M亙5。CCU陪 30days al時， i回 appearanceor within l.S days before ~ 
必凶鎧｝；
• an earthqu拙ewith Mき5。白川円withina distance D, from the c，》nsideredSTA, s。肋at150kmSOSR0 
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